Objective: To investigate the accuracy of the Brazilian version of the Addenbrooke Cognitive Examination-revised (ACE-R) in the diagnosis of mild Alzheimer disease (AD).
D
iagnostic criteria for dementia and Alzheimer disease (AD) require the objective evidence of cognitive and functional impairment, which is a challenge in very mild cases and also in populations with a heterogeneous educational background. 1, 2 In this sense, there is still a need for specific instruments for the diagnosis of dementia validated in developing countries, including Brazil. 3 The Addenbrooke Cognitive Examination (ACE) 4 is a cognitive tool developed in the United Kingdom that assesses distinct cognitive domains and allows early detection of dementia. Moreover, it provides an index to differentiate AD from frontotemporal dementia, namely the VLOM ratio: (Verbal Fluency+Language)/(Orientation +Episodic memory/Delayed recall). The Mini-Mental State Examination (MMSE) 5 is incorporated into the test and the composite battery is almost 3 times more efficient than the MMSE alone. 4 The ACE has been studied in the United Kingdom [6] [7] [8] [9] and has also been validated in several other countries. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Mioshi et al 20 revised the ACE in 2006 and showed similar diagnostic accuracy and psychometric properties of the Addenbrooke Cognitive Examination-revised (ACE-R) in relation to the ACE. In addition to the MMSE score and the 100 points for the total score, the ACE-R offers 5 subdomain scores (orientation/attention, memory, verbal fluency, language, and visuospatial). We have previously adapted and published the Brazilian version of the battery. 21 The aims of this study were to investigate the performance of patients with mild AD and cognitively healthy elderly volunteers in the Brazilian version of the ACE-R, and to determine its cut-off score/subscores and the corresponding sensitivity, specificity, and positive and negative predictive values in this sample.
MATERIALS AND METHODS
The group with dementia was composed of 31 patients followed at the Behavioral Moreover, all patients with AD scored between 100 and 122 points, both inclusive, on the Dementia Rating Scale (DRS). 24, 25 The control group was composed of 62 healthy agematched and education-matched elderly volunteers selected in the community, especially in senior groups. All subjects scored Z123 points on the DRS, 24, 25 had no complaints of cognitive decline or history of neurologic or psychiatric illness, and were not using of any drug that could affect the central nervous system.
Neither group fulfilled diagnostic criteria for depression, with scores of <8 points on the Cornell Scale for Depression in Dementia (CSDD). 26, 27 The study was approved by the Ethics Committee of the Hospital das Clı´nicas of the University of Sa˜o Paulo School of Medicine and by the Ethics Committee of the Federal University of Minas Gerais. All participants signed the written informed consent.
Demographic data, and CSDD, DRS, and ACE-R scores were compared across different groups by w 2 (sex), the Student t test (normal distribution values), and the Mann-Whitney test (non-normal distribution values). The Kolmogorov-Smirnov normality test analyzed the scores distribution in each continuous variable. The diagnostic accuracy of the battery was investigated using the receiver operator characteristic curve analysis. Sensitivity, specificity, and positive and negative predictive values were also calculated using these discriminant analyses. Statistical analyses were either performed using the Statistical Package for the Social Sciences 15.0 or MedCalc software, both for Windows. Table 1 displays the demographic characteristics, the CSDD and DRS scores, and the ACE-R composite or total score and its subdomain scores for AD and control groups. Both groups were matched for age and education (T = À 0.144, P = 0.886 and U = 946.0, P = 0.901, respectively), although sex distribution was significantly different between groups (w 2 = 5.688, P = 0.017). The performance in the ACE-R was significantly different, with patients presenting lower scores in all subdomains and in the composite score (P<0.001). The results of mood assessment, as determined by CSDD scores, showed greater scores for patients with AD versus controls (P<0.001), although not representing diagnosis of depression.
RESULTS
In the control group, ACE-R total score was significantly correlated with education (r = 0.524, P<0.001) and age (r = À 0.328, P = 0.009), whereas in the AD group only education seemed to influence the final score of the battery (r = 0.665, P<0.001). When combining both groups, there was also a significant correlation only between the years of schooling (r = 0.399, P<0.001) and the ACE-R total score. The sex of the patient did not affect the ACE-R total score, either in patients with AD (T = À 1.677, P = 0.104) or in patients with AD and controls combined (T = À 1.226, P = 0.223). However, sex did show an association with the battery composite score among controls (T = À 2.217, P = 0.030). Table 2 shows the ACE-R and its cut-off scores for 5 subdomains defined by the best relationship between sensitivity and specificity for the discrimination of AD from controls. The cut-off score determined for the composite battery in the whole sample was <78 points (sensitivity = 100%, specificity = 82.26%, positive predictive value = 73.8%, and negative predictive value = 100%). ACE-R total score presented high diagnostic accuracy 28 and these data are shown in Table 3 . To investigate the ACE-R cut-off scores for different educational levels, we divided the samples into <11 years [group of low education (GLE)] and Z11 years of schooling [group of high education (GHE)]. Table 4 shows the demographic data from these 2 subgroups. In GLE, only the years of schooling were significant correlated with ACE-R total score (r = 0.383; P = 0.010). Age (r = À 0.174; P = 0.259) and sex of the patients (T = À 0.768; P = 0.447) did not influence the battery composite score. In GHE, none of the variables correlated with the battery composite score (age: r = À 0.189, P = 0.193 and sex: T = À 0.956; P = 0.344). However, education almost reached the statistical values for significance (r = 0.279; P = 0.052).
The mean ± SD of the ACE-R total score was 80.72 ± 7.26 points in GLE and 86.18 ± 7.65 points in GHE. Figures 1 and 2 present the ROC Curves for these 2 groups of education and Table 5 shows the different ACE-R cut-off scores for these 2 groups of education.
DISCUSSION
The Brazilian version of the ACE-R proved to be an accurate and brief cognitive tool for the diagnosis of mild AD in our milieu. The battery composite score and 3 subdomain scores (Attention and Orientation, Memory, and Fluency) yielded excellent discrimination between patients and controls. These findings suggest that the battery is able to detect the most common cognitive domains affected in the early stages of AD. Therefore, the ACE-R seems to be an efficient instrument for administration in elderly persons with heterogeneous educational levels.
The cut-off score identified for the composite battery (<78) points presented high sensitivity and specificity (100% and 82.26%, respectively) for the detection of mild AD. Although the first British study grouped several types of cortical dementia, our cut-off score is far from the one previously found, which was 88 (sensitivity = 94% and specificity = 89%) or 82 (sensitivity = 84% and specificity = 100%). 20 However, both studies presented similar capacities to discriminate patients from controls, and the Brazilian score reached 100% sensitivity.
Only 3 years have passed since the publication of the ACE-R 20 and a fairly reduced number of studies with the application of this new version in patients with AD are already available. 20, 29, 30 The authors have proposed some improvements in the revised version, especially the redistribution of subdomain scores and the substitution of some tasks. For these reasons, we are unable to compare the present cut-off scores with those of other studies. However, 2 earlier investigations have shown ACE-R raw scores obtained by patients with mild AD . Mioshi et al 20 found the mean total score to be 3 points higher than ours. Similarly, these same investigators 29 observed a median value of the total score slightly higher (71) than the score found in this study (66). These minor discrepancies may be secondary to distinct age, education, or sample sizes between the studies.
The mean age and schooling of our AD sample were 78.03 ± 6.74 and 9.97 ± 5.19, respectively. Further research including populations with younger age and lower educational levels must be conducted, considering the diversity of our population and also the possible influences of these factors on the performance in cognitive tests. 30, 31 A significant difference in scores in the CSDD 26 among groups was observed. However, it is important to reiterate that none of the subjects included in this study met the diagnostic criteria for depression. Although patients with these characteristics were not included here, future studies comparing the performance of patients with AD with and without depressive symptoms are recommended, considering the high prevalence of these symptoms in patients with dementia. 32 It is also important to ascertain the influence of depressive factors on ACE-R performance, as has been shown for other cognitive tests. 33 In this study, ACE-R total scores have been influenced by education and age in control and only by the years of formal schooling in the patients with AD. These results are in agreement with a normative study of the Brazilian ACE-R conducted with a larger sample (n = 114) of healthy volunteers. 34 Sex interfered only with control group performance in this study. However, we did not find any association between sex and ACE-R total score in the sample of 114 healthy elderly individuals mentioned above. When controls and patients were considered as a group, only education showed significant correlation with the test.
We also divided the sample into 2 groups according to educational level (GHE and GLE). As expected, GHE performed better than GLE. Two cut-off scores were identified, with the GHE maintaining the same initial value (<78 points), whereas in the GLE a lower cut-off score for the ACE-R (<68 points) was found.
The significant influence of education on the performance in the battery was also confirmed in a large study conducted in India using the first version of the ACE, in which subjects were stratified by different levels of education. 35 We hypothesized that this phenomenon is a result of the relatively high demands of some parts of the test, which could be more difficult for people with modest cognitive acquisition during their childhood and professional life.
Both the ACE-R total score and the MMSE (ACE-R) had high diagnostic accuracy. The AUC of the former was slightly higher than the latter (0.947 vs. 0.940, respectively). Bier et al, 10 Alexopoulos et al, 11 and Stokholm et al 19 also showed a similar feature for the ACE. Beyond the ACE-R total score, Attention and Orientation, Memory, and Fluency subscales also showed similar levels of accuracy to the MMSE. Nonetheless, we consider that the ACE-R offers the advantage of exploring different patterns of cognitive deterioration and thus may be more suitable for the evaluation of distinct dementia neuropsychologic profiles.
Bak and Mioshi 36 emphasize that the MMSE focuses on the evaluation of skills related to verbal memory, attention, and visuospatial functions, disregarding executive functioning and more sophisticated cognitive abilities. Furthermore, memory and language are investigated superficially. These authors also noted that the test does not offer qualitative information between different cognitive domains and disease profiles. Although ACE-R administration takes a few minutes more than the MMSE and its diagnostic accuracy is similar, we believe that the ACE-R can provide more information about cognitive status than the MMSE, in addition to its advantage in detecting frontotemporal dementia. Moreover, owing to the high prevalence and the variability of etiologies for dementia in the elderly population, there is a growing consensus on the need for routine evaluation of cognitive functioning by health professionals and primary medical care. 37 We consider that even if only a few minutes are available for cognitive testing in a clinical setting, the ACE-R may offer additional information about the dementia feature and major data for differential diagnosis. In conclusion, the ACE-R seems to be a very useful tool for a brief assessment of some of the main cognitive domains affected in cortical dementias also in developing countries as well. 
